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EXECUTIVE SUMMARY 
This project entitled 'The Economic Impact of Poor Power Quality to New Zealand' aims to identify 
the most problematic and costly power quality issues for industry and residential customers in New 
Zealand . The economic cost or poor power quality will be used by the EPECentre in their future 
power quality work. Some recommendations are included from the researcher where appropriate. 
Society is becoming more dependent on computers and digital circuitry. Industry, commercial and 
residential users are now dependent on a reliable, high-quality electrical power source to ensure 
these devices are operational. Electricity supply, however, is not perfect and when electronic 
equipment encounters electricity that is not of a regular sinusoidal waveform, loss of performance 
or failure may occur. These issues are termed power quality issues and include: 




• Momentary power interruptions 
Industry 
The following industry sectors were chosen to be examined as part of the study. They were chosen 
due to their reliance on electricity of a high quality and overseas studies showing power quality 
heavily impacts them [1] [2]: 
• Petroleum, Chemical, Polymer and Rubber Manufacturing 
• Food and Beverage Manufacturing 
• Textile, Leather, Clothing and Footwear Manufacturing 
• Metal Product Manufacturing 
• Transport Equipment, Machinery and General Equipment Manufacturing 
Approximately ten companies from each industry were screened over the telephone to determine 
how power quality affected them. One company that was experiencing power quality from each 
industry was visited to obtain a detailed cost analysis of how power quality was affecting operations. 
These results were then extrapolated over the industry to get a cost estimate of power quality to 
New Zealand. 
Using this method it was estimated that poor power quality is costing the New Zealand industry 
approximately $100 million per year. How each industry sector was impacted is seen below in Figure 
1. The cost to the Food and Beverage Manufacturing industry was the highest at $48 million and 
Petroleum, Chemical, Polymer and Rubber Manufacturing was the second highest at $36 million. 
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• Food and beverage 
products 
• Petroleum, chemical and 
polymer products 
Textile, leather and 
clothing 
• Transport, machinery and 
equipment products 
Figure 1: Relative cost of power quality to different industry sectors in New Zealand 
EPECentre 
The costs were mainly attributed to the following problems and recommendations are given for 
each . 
1. Variable sp~ed drives (VSDs) tripping causing equipment/plant to trip out. This is costing 
industry $26 million per year. Research by Dr. Vic Smith shows this can occur when voltage 
drops to only 80% of nominal voltage. 
Recommendation: Develop VSDs that are robust to power sags, this is a high priority. 
2. Process speeds fluctuating causing excess/shortage of raw material or incorrect temperature 
reached . This results in wasted raw material or off specification product, and is costing the 
industry $32 million per year. 
Recommendation: Develop a system to smooth process variation and identify industries in 
which process variation has the highest impact. 
3. Poor power quality is more prevalent in rural areas. 
Recommendation: It is generally accepted that rural power quality is worse and industry 
should factor this into a decision when opening a facility in rural areas. This problem would 
be economical to fix . 
4. A wide range of power quality is experienced from similar organisations. 
Recommendation: Regulations are required to ensure companies do not substantially 
aggravate poor power issues. It is however, economically unfeasible to create a perfectly 
'even playing field' . 
5. Power Quality can have a large effect on companies practising Just in Time (JIT) 
manufacturing methods as it can cause significant delays in production. 
Recommendation: These companies should invest in mitigation equipment to ensure the 
impacts of poor power quality are minimised. 
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Residential 
A small scale (120 respondents) Willingness-to-Pay survey was devised to determine what power 
quality problems resulted in the most concerning problems for residential New Zealand and what 
they would be willing to pay to ensure these problems did not occur. The respondents were 55% 
male and 61% were less than 35 years of age. Care was taken to ensure respondents were in a range 
of geographical regions throughout New Zealand . As residents would be willing to pay this figure, it 
is equal to the economic impact of the issues. 
Willingness-to-Pay method has some drawbacks associated with it so should be used as a rough 
guide only. The problems include; 
• Respondents often overestimate the amount they would theoretically pay. 
• Dollar figures have different meanings to people earning different amounts. 
The survey was split up into power quality issues in 4 categories, with respondents asked which issue 
(if any) was of most concern to them and what they would be willing to pay on an annual basis to 
reduce its frequency to zero. The categories were; 
• Entertainment. 
• IT and Computers. 
• General Household Goods. 
• Short Power Interruptions. 
Table 1 shows the average amount a respondent was willing to pay to ensure no power quality 
issues were experienced in each category. The table shows what the greatest issue in each category 
was and how many respondents had no concerns. 
Table 1: Cost and concerns of each category in the residential power quality survey 
Cost per 
Section annum No issues Greatest issue 
Sky device turning off and MY 
Entertainment $9 34% SKY recording stops (22%) 
Desktop computer restarting 
IT and computer $20 27% (33%) 
Fuse tripping (27%), digital 
General household $15 18% clocks resetting (25%) 
Power outage $36 
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The results show that there are issues with power quality in residential New Zealand and that people 
are willing to pay to have these issues fixed. Although most of these issues are nuisances, if people 
are willing to pay for them to be fixed then there is a market opportunity for this to occur. 
If these results are assumed to be average, each household is willing to pay $44 per annum to fix 
power quality issues. Extrapolated over residential New Zealand, power quality is costing $73 million 
per year. 
From these results the following recommendations and insights are given: 
• By using voltage tolerance curves, electricity companies should ensure power quality 
remains above the threshold for the most concerning issues to residents, seen in Table 1. 
This will minimise residential complaints. 
• It is not realistic for power distribution companies to eliminate poor power quality, even if 
residential New Zealand is willing to pay more. This value should be seen as the economic 
impact of poor power quality. 
• Technical solutions to the most concerning issues should be investigated. The results of the 
study can give a cost/benefit scenario for distribution companies. 
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1.0 BACKGROUND 
This project is entitled "The Economic Impact of Poor Power Quality to New Zealand". It aims to 
determine the cost of poor power quality in the residential and industrial sector to New Zealand and 
determine the issues of greatest concern. 
1.1 POWER QUALITY BACKGROUND 
Power Quality defines electricity performance and is a set of limits on electrical properties. All 
electronic equipment is designed to operate on a sinusoidal power wave at a specified voltage (230 
± 6% Volts is standard for New Zealand) . Any deviation from this waveform is a power quality issue. 
Setting this limit allows electrical equipment manufacturers to create equipment that can function in 
its intended manner over a defined range . If electricity performance falls outside this range then 
electrical equipment may malfunction, fail prematurely or not operate at all. 
Phenomena that can cause deviation from the specified sinusoidal wave include; 1 




• Momentary power interruptions2 
1.2 COMPANY BACKGROUND 
The project is being conducted for the Electric Power Engineering Centre (EPECentre), which is a 
national electricity research centre located at the University of Canterbury. The EPECentre works in 
close collaboration with the New Zealand Electricity Engineers' Association (EEA) to research and 
provide insight into critical areas of electricity. 
The EPECentre are involved in mitigating risks that poor power quality poses to New Zealand. The 
EPECentre are producing a power quality guide for the electricity distribution network sector, 
targeted at improving energy management and supply. This project will be used within the power 
quality guide. 
1 For a technical explanation about power quality phenomena please see Appendix 3 
2 Momentary power interruptions are often classified under reliability of supply but are included as power 
quality for simplicity in this report. 
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1.3 UNDERLYING NEED 
Power quality is becoming more important as society becomes more dependent on computers and 
digital circuitry from household computers to industrial processes. Industry, commercial and 
residential users are now dependent on a reliable, high-quality electrical power source. 
The power quality issues are outlined in section 1.1 and are explained in more detail in Appendix 1. 
Poor power quality can cause damage to electrical components by reducing their life or causing 
systems to shut down. It is feared power quality may deteriorate due to new equipment such as 
heat pumps and large irrigation pumps exaggerating existing power quality issues [3]. 
Poor power quality can have an enormous economic effect on a range of industries. One example is 
milk processing, where if a power outage occurs during a critical area of milk powder drying, then 
thousands of dollars of product is spoilt and must be disposed of. Power sags can result in 
equipment becoming 'out of sync' or varying in speed, which can result in an off-specification 
product which must be recycled or disposed of. These issues are occurring across a wide range of 
industries; to be able to minimize the damage of power quality issues their cost must be 
determined. The cost is currently unknown as no study has been performed. Previous studies in 
America [1] and Europe [2] show that as much as 1% of GDP is lost due to poor power quality. It is 
impractical to use this data for the New Zealand industry due to the vastly different industry 
composition and electrical networks. 
Poor power quality also extends to residential New Zealand. Power disturbances can affect anyone 
who uses common household electronic equipment such as; microwaves, televisions and desktop 
computers . No study has previously attempted to determine whether this disturbance has an 
economic cost and what that cost may be. 
It is difficult for the EPECentre, or any electricity distribution company to perform a cost/benefit 
analysis on technical solutions to power quality, without knowing the economic impacts of the 
problem. A study is required to determine the most prevalent power quality problems and their 
cost. 
Electricity distribution companies have spent a lot of time researching the cost of power outages 
(reliability of supply) to New Zealand and this is generally considered a different topic to power 
quality. As a result, power outages are not involved in this project. 
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2.0 STUDY OBJECTIVES 
The overall objective of this study is to determine an estimate of the economic impact of poor power 
quality in New Zealand. The objectives outlined for the project are shown in Table 1. 
Table 1: Main objectives of this study 
Objective Reasoning 
2.1 Determine poor power Once the main economic impacts to industry are determined 
qualities main economic impacts then solutions to these problems can be researched. It is 
on industry. logical to fix the issue with the largest financial return first. 
2.2 Obtain economic impact To determine the best solutions to power quality issues the 
estimates for New Zealand's major economic impact of the issues must be quantified . This allows 
industries. a cost benefit analysis to be performed. 
2.3 Determine if there is a cost to How residents are affected and whether there is an economic 
residential New Zealand of poor impact to poor power quality is often overlooked . It is 
power quality and what that cost unknown what the major issues residents have with power 
may be. quality. 
2.4 Determine the main issues This information may be important to future development of 
resulting from power quality for household electrical goods and regulations in which these 
residential consumers . issues can be mitigated . 
These objectives were determined via desktop research and consultation with the EPECentre and 
Canterbury's electricity distribution company, Orion. 
The report is broken up into two sections as follows : 
1. The industry study in which objectives 2.1 and 2.2 are answered . This is the main section of 
the study. 
2. The residential study in which objectives 2.3 and 2.4 are answered . 
Conclusions and recommendations are given for each section and both sections are designed so they 
can be read as stand alone reports. 
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REPORT 1: INDUSTRY STUDY 
3.0 INDUSTRY METHOD 
The method for how the economic impact of poor power quality on New Zealand's industry was 
determined is described below. 
3.1 INDUSTRY BREAKDOWN 
The industry was split into 6 major sectors, following the ANZSIC06 and NZSIOC standards, as seen in 
Table 2 [4]. 
Table 2: Industries chosen for the economic analysis of poor power quality events 
Number of Number 
Code Industry 
Organisations Employed 
CCl Food and Beverage Product Manufacturing 2480 75830 
Textile, Leather, Clothing and Footwear 
CC2 Manufacturing 1755 11430 
Petroleum, Chemical, Polymer and Rubber 
CC5 Product Manufacturing 1166 20370 
CC7 Metal Product Manufacturing 3360 25920 
Transport Equipment, Machinery and 
CC8 Equipment Manufacturing 5222 36400 
These industries were selected following extensive desktop research into the affects power quality 
can have on different operations. The industries in Table 2 are viewed as those most at risk from 
power quality issues, as they involve continuous or semi-continuous manufacturing or fabricat ion. 
Commercial companies with heavy investment in IT infrastructure and networks were also identified 
as being at a high risk. Due to the relatively low economic impacts of these companies in previous 
power quality surveys in America and Europe they were discarded [1] [2]. Further information on 
why the above industries were selected can be found in Appendix 2. 
3 .2 TELEPHONE SCREENING 
Ten companies in each industry were screened to determine whether power quality affected 
operation and how operation was affected. A range of companies in each industry were screened to 
reflect industry composition . 
Telephone screening was aimed to determine what power quality effects are most prevalent and 
determine the frequency of power quality issues. If power quality was deemed to be an issue and 
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the company was located in Canterbury then they were invited to participate as a case study for this 
project. The telephone screenings were completed with the Engineering Manager or Plant Engineer 
of each company. 
3 .3 CASE STUDIES 
The aim of a case study was to ascertain the cost of poor power quality to a business. Onsite visits 
were utilised to get the most accurate information; as the operation could be viewed and multiple 
people interviewed . 
The economic cost of poor power quality issues were found via identifying areas on a process line 
that cause a high frequency of problems and a large impact on production. Typical problems were: 
• Equipment tripping out, such as: variable speed drives (VSDs), AC contactors and motors. 
• Process control being erratic and behaving unexpectedly, resulting in product out of 
specification . 
• Short power outages. 
The operational and economic consequence of each issue was discussed with the plant engineer and 
any necessary financial staff. To calculate the economic cost of each issue the costs were broken into 
the following areas: 
A. Cost of labour for idle employees (overhead costs added) 
B. Cost of material damaged/spoilt 
C. Cost of recycling or disposing of material 
D. Restart costs 
E. Equipment damage cost 
F. Lost sales 
A detailed explanation of how the costs were calculated can be found in Appendix 3. 
The frequency of each power quality issue was recorded to create an annual cost to the company. 
Due to time constraints only one company from each industry in which power quality was an issue 
was interviewed. This data was extrapolated over the entire industry, via information gathered from 
Statistics New Zealand [5]. The method for extrapolating the data is shown in detail in Appendix 4. 
Power quality is a difficult topic to do an economic analysis on as the effects are not always apparent 
or may be attributed to other causes. This study focuses largely on identifiable costs, whiCh are 
generally a result of voltage sags, spikes and momentary outages [6] . Previous studies have shown 
voltage sags and momentary outages have the largest economic impact [2] [5]. 
The hidden costs associated with power quality which have been ignored include; 
• Unseen damage to equipment resulting in increased aging or maintenance. 
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• Overheating of equipment. 
• Loss of product efficiency. 
• Off specification product attributed to other causes. 
• Loss of sales as a result of under-performance. 
• Increased cost of quality controls 
4.0COST TO INDU STRY 
The economic cost of poor power quality is estimated and discussed in this section and a summary 
of the case studies are given for each industry. A summary of the cost to New Zealand and 
recommendations are at the end of the section. The case studies costs are extrapolated using a 
linear correlation between number of employees and cost to the business. This method is explained 
in detail in Appendix 4. 
4.1 CONTINUOUS PROCESSING 
A continuous process industry is classified as an industry in which once the raw material has entered 
into the process plant it is subjected to successive operations to turn it into a finished product [7]. As 
raw material is constantly fed through the plant any interruptions or process upsets caused by 
power quality can have large economic impacts. Industries in this sector include petroleum, 
chemical, plastic, food, beverage and textile. 
4 .1.1 PETROLEUM, CHEMICAL, POLYMER AND RUBBER PRODUCT MANUFACTURING 
Ten companies were interviewed over the phone in this section. It was found that 70% of companies 
were having power quality issues of some type, while 60% had power quality issues that significantly 
upset operations. Companies in this industry often operate continuously with a high value end 
product; hence any power quality disturbance that affects product quality has a high economic 
impact. Figure 1 illustrates the percentage of companies affected by different power quality events. 
The largest issue in this sector was found to be equipment tripping, which affected 80% of 
companies. This generally had a large impact to operation, if equipment tripped out the whole 
process line shutdown; if this is for an extended period of time then the product can be damaged. 
Equipment tripping was largely found to be from VSD controllers. Companies that experienced 
pump or electric motor speeds not being constant (40%) commented that this had a large economic 
impact on their operations, as it often affected end product quality. 
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Figure 1: Frequency of power quality issues affecting the petroleum, chemical, polymer and rubber manufacturing 
industry 
Figure 2 illustrates the frequency with which different process equipment was installed and what 
equipment is used to mitigate power quality issues. Uninterrupted Power Supplies (UPS) were used 
a lot to ensure computer and network server reliability as well as emergency lighting. Backup 
generators were used to mitigate the risk of a power outage causing plant damage, for example; 
liquids solidifying in a plant, resulting in weeks of maintenance and reduced production . The high 
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Figure 2: Percentage of companies with processing equipment and power quality mitigation equipment installed for the 
petroleum, chemical, polymer and rubber manufacturing industry 
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4 .1.1.1 CASE STUDY 
Voltage dips and fluctuations heavily affected the case study as they caused VSDs to fluctuate motor 
speeds or shutdown . The fluctuating motor speeds resulted in products using extra raw material or 
being out of specification. The out of specification product had to be re-processed and recycled into 
a lower grade raw material. The company reported occasional motor speed variations across all 
process lines with varying impacts. 
A major issue the company faced was the VSD of the motor that controls the movement of material 
through the largest process line tripping out. The largest cost involved was product damage and the 
cost of recycling that material. 
Momentary power interruptions3 have a similar affect to the main VSD tripping out, except that it 
also affects some smaller processing lines. 
The economic impact of these problems can be seen in Table 3. 
Table 3: Costs of poor power quality to the case study 
Frequency per 
Problem Cost per event year Cost per year 
Motor speeds 
fluctuating $800 10 $8,000 
VSD causing motor to 
trip out $26,500 2 $53,000 
Momentary power 
interruption $30,000 1 $30,000 
Total cost to case study $91,000 
Unexpected power interruptions over ten minutes caused a large cost to the company, due to hot 
material cooling down and solidifying in machines. This resulted in equipment damage, lengthy 
outages and damaged product, costing $115,000 per event. This would result in a cost of $27 million 
per year to the industry but is excluded from the results as it is a reliability issue, not power quality. 
These result are believed to be typical of the industry, due to the transformation of raw petroleum, 
chemical, polymer and rubber products generally requiring heat and the end product being either 
highly viscous or a solid. It was found that changes in process speed caused the following issues 
across the industry: 
• Chemical composition being incorrect 
• Product thickness being out of specification 
• Degradation of product quality due to irregular exposure time 
3 A momentary power interruption is classified as an interruption in power supply of less than one minute 
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Using the data collected, the estimated cost to this industry in New Zealand from poor power qualit y 
is $21 million per year4. The cost is mainly due to inconsistent motor speeds and equipment tripping 
out (attributed largely to voltage sags) . For short power interruptions the estimated cost is $15 
million per year. 
4.1.2 FOOD AND BEVERAGE PRODUCT MANUFACTURING 
Eleven companies were interviewed over the phone in this section. It was found that 55% of 
companies were having power quality issues of some type, while 36% had power quality issues that 
significantly upset operations. Figure 3 shows that the largest power quality issues for the food and 
beverage product manufacturing industry were reduced electronic equipment lifetime and 
equipment tripping out. VSDs were often reported as the electronic equipment that experienced a 

























Figure 3: Frequency of power quality issues affecting the food and beverage manufacturing industry 
A large proportion of companies in this industry are in rural settings to be in close proximity to the 
input source to their operations. 100% of the companies experiencing significant power quality 
issues in this sector were in a rural setting. When discussing power quality problems with these 
companies a common response was to blame dairy farms on the same line, which had large 
irrigation pumps or small distributed power generation sites feeding back into the grid . Voltage 
surges and sags were especially common in this sector, with 83% of companies that experienced 
power quality problems complaining about surges. 
4 The method and data for extrapolating the results to find a cost estimate can be found in Appendix 4 
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Figure 4 shows that companies in the food and beverage manufacturing industry require a wide 
range of operating equipment for process plants to operate. Companies in this industry also have a 
relatively high proportion of surge protection, power factor correction and backup generators. This 
is believed to be due to: 
• The wide range of processing equipment installed 








































Figure 4: Percentage of companies with processing equipment and power quality mitigation equipment installed for the 
food and beverage product manufacturing industry 
4.1.2.1 CASE STUDY 1 
The case study for this sector was experiencing transients which were resulting in voltage spikes. The 
voltage spikes were causing VSD settings to change and some VSD controllers to fail prematurely. To 
mitigate this damage the case study spent approximately $20,000 on surge protection for certain 
process equipment which reduced the frequency of surge damage. 
The case study was in a rural area and at the end of a line on which a large dairy producing farm was 
on. The problems that occurred in the plant were attributed to the farm, on which there was awind 
turbine facility that was feeding back into the grid. It was commented that certain times of the day 
were worse than other times for power quality. 
The economic impact of these problems can be seen in Table 4. 
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Table 4: Costs of poor power quality for the case study 
Frequency per 
Problem Cost per event year Cost per year 
VSDs settings change $6,500 8 $52,000 
Voltage spikes causing 
equipment and VSD 
damage $25,000 0.5 $12,000 
Momentary interruptions $15,000 1 $15,000 
Total $79,000 
When power quality costs were extrapolated out over the industry, assuming 36% of companies 
experienced similar issues, the cost was $32 million per year. When momentary interruptions were 
extrapolated, the cost was $16 million per year. 
4.1 .2.2 CASE STUDY 2 
Due to the milk processing industry being one of New Zealand's largest; a sepa rate study was 
completed for this sector. The case study showed that the process plants were very up to date with 
the latest power quality risk mitigation devices. As a result they had no reportable power quality 
issues on site but had spent a la rge amount of money to ensure this was the case. 
The only issue occurred once a power outage extended past t hirty minutes. In this case the plant had 
to divert raw material elsewhere and re-sterilise main process equipment before restarting. 
4.1.3 TEXTILE, LEATHER, CLOTHING AND FOOTWEAR MANUFACTURING 
Seven companies were interviewed over the phone in this section . It was found that 57% of 
companies were having power quality issues of some type, while 29% were experiencing power 
quality issues that significantly upset operations. Figure 5 shows what type of power quality events 
were the most common for t his industry. 
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Figure 5: Frequency of power qualit y issues affecting the textile, leather, clothing and footwear manufacturing industry 
Figure 6 shows the relatively low usage of computer automated production systems and electrical 
heating or drying equipment used in the industry. The use of equipment to mitigate power quality 
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Figure 6: Percentage of companies with processing equipment and power qua lity mitigation equipment installed for the 
textile, leather, clothing and footwear manufacturing industry 
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4 .1.3.1 CASE ST UDY 
The case study found the most expensive power quality issue was caused f rom a VSD tripping out 
that operated a motor for equipment which submerged the product in chemicals. When t he VSD 
tripped out the product would be exposed to the chemicals for an extended period of time which 
degraded the material. 
Voltage sags can have a large affect on the dying process as it results in uneven dying of t he product 
resulting in out of specification product. This can be remedied by recycling the material back th rough 
the dying process. Uneven dying can resu lt in reduced product quality if not detected immediately. 
The unit that drew the largest current and was the most vital to operation was the air compressor. 
Al l critical processes in the plant were run via compressed air. If the unit tripped out then all 
equipment throughout the plant shut down, until the compressor and each individual process unit 
could be restarted . 
Momenta ry power interruptions had a similar effect to the air compressor tripping out, except extra 
time had to be taken to rest art each machine and the boi ler generally had t o be restart ed. 
The economic impact of these issues can be seen in Table 5. 
Table 5: Costs of poor power quality to the case study 
Frequency per 
Problem Cost per event year Cost per year 
VSD causing motor to trip 
out $5,300 3 $16,000 
Uneven dying due to 
motor fluctuations $1,000 3 $3,000 
Air compressor trips out $6,000 1/3 $2,000 
Momentary power 
interruption $6,000 1 $6,000 
Total cost to the case 
study $27,000 
When power quality costs were extrapolated out over the industry, with 29% of companies 
experiencing similar issues, t he cost was $1.4 million per year. When momentary interruptions were 
extrapolated out over the industry the cost was $1 million per yea r. 
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4.2 NON - CONTINUOUS MANUFACTURING {INTERMITTENT) 
The non-continuous manufacturing industry is classed as any industry in which the products are 
created in batches or intermittent steps. 
Non-continuous manufacturing was found to have less cost involved due to poor power quality than 
continuous manufacturing. This is largely associated to the lower frequency of power quality events 
in this sector, attributed to: 
• Facilities being urban based 
• Equipment and processes being less sensitive to small fluctuations 
• Equipment being less critical for a process to run 
4.2 .1 METAL PRODUCT MANUFACTURING 
Eight companies were interviewed over the phone in this section. It was found that 37.5% of 
companies were having power quality issues of some type, while 12.5% were experiencing power 
quality issues that significantly upset operations. It was often commented that any power quality 
event had very little impact on operation and could easily be switched back on. 
It can be seen in Figure 7 that 50%5 of companies experienced equipment tripping and 37.5% found 
that computer locked up unexpectedly or shutdown when not required. Many companies 
commented their computers were reasonably old and the problems could not be completely 
attributed to power quality issues. Of note in this section is the lack of companies experiencing 






















Figure 7: Frequency of power quality issues affecting the metal product manufacturing industry 
5 It is should be noted this is higher than the amount of companies that reported having power quality. This is 
due to companies not attributing the occasional machine tripping out to a power quality issue 
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The low frequency of power quality events is matched by the low uptake of equipment usage to 
mitigate power quality risks, all being under 40% as seen in Figure 8. There is also a relatively low 
uptake of VSDs in the industry as well as computer automated production systems, showing the 
majority of the industry is still relatively crude. Of those companies with VSDs, all had experienced 
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Figure 8: Percentage of companies with processing equipment and power quality mitigation equipment installed for the 
metal product industry 
4.2.2 TRANSPORT EQUIPMENT, MACHINERY AND EQUIPMENT MANUFACTURING 
Twelve companies were interviewed over the phone in this section. 25% of companies were found 
to be having power quality issues that significantly upset operations. 
It can be seen from Figure 9 that 50% of companies reported equipment tripping out, yet only 25% 
reported power quality problems. This is attributed to how the phone questionnaire was structured6 
and that some equipment tripping out it was of no concern . 
Most of the equipment tripping out was associated due to voltage sags. Voltage sags also resulted in 
erratic process behaviour such as cutting tools or lathes slowing down, which had various affects on 
end products. It was found that these issues had the most profound effect on companies that made 
precision equipment, as defects could occur. 
6 Full explanation can be seen in Appendix 5 
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Figure 9: Frequency of power quality issues affecting the transport equipment, machinery and equipment manufacturing 
industry 
The breakdown of operating equipment and power quality mitigation equipment installed by 
companies are illustrated in Figure 10. Again, 100% of companies experiencing equipment tripping 
out had VSDs installed. 
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Figure 10: Percentage of companies with processing equipment and power qua lity mitigation equipment installed for 
the transport, machinery and equipment manufacturing industry 
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4.2.2.1 CASE STUDY 
The issue that resulted in the highest cost to the case study was slight process fluctuations, as the 
company was machining high precision parts. A power quality issues such as a voltage sag or spike 
would result in a slight defect in a component. The same effect would be seen across all 3 process 
lines and often presented itself as a slight nick in the machined part or groove not at the correct 
depth . 
Various equipment would trip out throughout the year but with a limited cost to the company. 
When the problem was investigated further it was found that equipment damage was the highest 
cost for equipment tripping out, as stopping cutting equipment or blades quickly could cause 
damage to the materia l or blunt/break the blade. 
If a power cut occurred throughout the factory, the major cost to the business would be in lost 
production as a just in time (JIT) process was operated. It would genera lly take an estimated 10 
minutes to restart all equipment after a power cut and a further 10 minutes to check product for 
defects. 
The economic impact of these issues is shown in Table 6. 
Table 6: Costs of poor power quality to the case study 
Frequency per 
Problem Cost per event year Cost per year 
Process fluctuations $1,600 6 $10,000 
Equipment tripping out $500 4 $2,000 
Momentary power outage $6,900 1 $6,900 
Total cost to the case study $18,900 
When the cost power quality was extrapolated over the industry, with 25% of companies 
experiencing similar issues, the cost was $4.3 million per year. When momentary interruptions were 
extrapolated over the industry the cost was $10 million per year. 
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4.3 AGGREGATE COST 
The annual cost due to poor power quality from all sectors results in an estimated loss of $101 
million to New Zealand's industry. Figure 11 shows how this is segregated throughout different 
sectors, with the food and beverage industry having the largest cost followed by chemical and 
polymer industry. 
4.4 LIMITATIONS 
• Food and beverage 
products 
• Petroleum, chemical and 
polymer products 
Textile, leather and 
clothing 
• Transport, machinery and 
equipment products 
Figure 11: Relative cost of power quality to different industry sectors 
4.4.1 REGIONAL 
The case studies were companies in the Canterbury region and are therefore not a representative 
sample of the industry. There are many other factors that affect power quality, such as location of 
the business on the electrical grid and neighbouring equipment usage. 
As case studies had to be found in Christchurch 30-50% of telephone screenings were companies 
from Christchurch. The remaining companies were selected throughout New Zealand. 
4.4.2 SMALL SCALE 
This project was of a small scale with 700 hours scheduled. Roughly ten companies from each sector 
were chosen for telephone screening and one case study was performed . Extrapolating these results 
over the whole industry will create large errors in actual cost; hence the economic results are to be 
used as a guide only. 
The case studies are extrapolated using a linear correlation between number employed and cost to 
the business, for which there is only one source. The errors in this method will be large but the study 
still serves as a good guide. 
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5.0 CONCL USIONS 
The estimated annual cost to the continuous processing industry due to poor power quality is $86 
million . Power quality is having the greatest impact on the following two industries : 
• Food and beverage industry; $48 million per annum 
• Petroleum, chemical and polymer industry; $36 million per annum 
The main power quality issues in the continuous manufacturing sector were found to be : 
• VSDs causing equipment to trip out. Tripping out of equipment at various stages can be very 
costly as it damages product and can cause a whole process line to shutdown. 
• Process speeds fluctuating causing excess/shortage of raw material or incorrect temperature 
reached. This results in wasted raw material or off specification product. 
• A short interruption in a continuous processing industry can cause material to be exposed to 
conditions that degrade its quality. 
• It appears that processing plants in rural areas are affected by a larger range and more 
frequent power quality events. 
The estimated annual cost to the non-continuous processing industry due to poor power quality is 
$14 million, which is solely attributed to the transport, machinery and equipment manufacturing 
industry. 
The cost to the metal product manufacturing industry has been estimated as zero . This is due to no 
case study being found and only 12.5% of companies were experiencing power quality that upset 
operations. There would be an actual cost to this industry yet it is assumed it will be minimal. It is 
expected the costs will be higher to the metal smelting in this industry due to its continuous nature 
of operation, yet response from smelting companies was very low7• 
The main power quality issues in the non-continuous sector were found to be: 
• Process variations in the manufacturing of equipment requiring high precision. 
• A lot of equipment appeared to trip out on occasion, although the economic impact of this 
was relatively low. VSDs were attributed to be the main cause of equipment tripping. 
• Power Quality can have a large effect on companies practising Just in Time (JIT) methods as 
it can cause significant delays in production . 
VSDs causing equipment to trip out has been a re-occurring theme throughout the industry analysis 
and has resulted in a large economic impact. In research performed by Dr. Vic Smith at the 
University of Wollongong, Australia, VSDs were found to trip out when voltage dropped to only 80% 
of the nominal 230 volts for just one cycle. This performance was drastically worse than other 
7 Of 8 companies rang, only 2 were willing to participate or had the appropriate staff available. 
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industrial equipment such as programmable logic controllers and contactors. This confirms the 
findings in this project that voltage drops causing VSDs to trip vital equipment is of a major concern 
in industry. More information on Dr. Vic Smiths work, funded by Australian Strategic Technology 
Program of ENA can be found in appendix 7. 
Page I 20 









quality is more 
prevalent in rural 
areas 
Company forced 



























6 .0 RECOMMENDATIONS 
Situation 
Of the $101 million poor power qual ity is 
costing New Zealand industry, it is 
estimated that VSDs tripping out is 
contributing $26 million . 
Process fluctuations account for an 
estimated $32 million of cost to New 
Zealand industry. The cause of 
fluctuations appears to be from voltage 
spikes and sags. 
Companies situated in rural areas 
experience more power quality problems 
than in urban. 
Power Factor correction, f ilters, UPS, 
surge protection and backup generators 
are all poor power quality mitigation 
equipment that is being used by industry, 
at a large cost to the individual businesses 
Operations with the same processes have 
a disparity in the level of power quality 
received. This is likely due to power usage 
'upstream' or a disparity in power 
delivered by distribution companies. 
Recommended Action 
• Create a technical solution to ensure VSDs are more robust to 
power sags. As seen in Dr. Vic Smith's work; the CBEMA curve 
for VSDs is poor and this is costing industry a lot of money. 
• This is seen as the 'lowest hanging fruit' and should be a top 
priority. 
• Develop a technical solution, to smooth process variation to 
minimise financial impact of this for industry. 
• Identify industries where process fluctuations have a high 
impact so they can mitigate risks. 
• Educate the industry about why this is the case so distribution 
companies are not seen to be the problem. 
• Resea rch the affect large dairy farms have on power quality so 
the effects can be minimised . 
• Regulations need to be clear and enforceable about businesses 
uirements to keep Power aualitv with in an acceptable limit. 
• A separate study is required to determine the current cost of 
power mitigation to the industry as it is very site specific and 
this influences power quality cost. 
• Determine the most economical way to mitigate power qua lity 
issues and how the cost should be split between industry and 
electricitv distribution companies. 
• Regulations on impacts a business can have to power quality 
need to be revised and enforced. This is to ensu re companies 
downstream are not negatively impacted 
• It is not possible to ensure power quality is equal for all 
companies. 
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REPORT 2: RESIDENTIAL STUDY 
7.0 RES IDENTIAL METHOD 
Studies have shown that poor power quality can have a large economic impact on the industrial 
sector, yet no known studies have been performed for residential areas. A survey was devised to 
determine whether power quality is an issue to residential New Zealand using the Willingness-to-Pay 
method. Extensive research was conducted prior to drafting the survey to determine best practises 
[8] [9] [10] and some of the leading power quality academics reviewed the survey [11]. 
The survey is designed to find out what power quality issues are currently most prevalent in the 
residential sector and what the economic impact of these issues are to residential New Zealand . 
The survey relies heavily on identifiable issues, the link between hidden issues (such as shortened 
equipment lifetime) and power quality is hard to identify. The survey split power quality issues in the 
household into the following sectors: 
• Entertainment 
• IT and Computers 
• General Household Goods 
• Short Power Interruptions 
For each section examples of power quality issues were given . Respondents selected the issues they 
were most concerned with and then indicated how much they would be willing to pay to reduce the 
frequency of those events to zero. A copy of the survey is attached in Appendix 8. 
8 .0 COST TO RESIDENT IAL CONSUMERS 
The residential survey was hosted online, via zapsurvey.com and respondents were directed to the 
site to fill out the survey. The survey was restricted to 120 respondents and aims to gauge what 
power quality issues are of most concern to residents as well as estimate how much they would be 
willing to pay to fix the problems. Using this information it can be determined whether power 
quality has an economic impact to the residential sector and what this impact might be. 
8. 1 ENTERTAINMENT SECT ION 
Figure 12 shows what power quality consequences are of most concern to respondents of the 
survey. The issues of most concern to residents appear to be with the television turning off (19%) 
and the sky device turning off (22%). The results show that there is not one clearly defined issue that 
is of most concern. 
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• Television turns off 
• Stereo turns off 
Sky device turns off and 
MY SKY recording stops 
• TV recorder turns off 
• None 
Figure 12: Power quality issues that are of concern to residents in the entertainment sector 
EPECentre 
It can be seen from Figure 13 that 50% of respondents would pay nothing to eliminate current 
power quality issues in the entertainment section. This indicates they are either experiencing no 






Figure 13: Proportion of respondents that selected varying dollar brackets to solve power quality issues in the 
entertainment sector 
These results show that on average8 the respondents are willing to pay $9 to fix all entertainment 
issues. 
8.2 IT AND COMPUTER SECTION 
Figure 15 shows that computer issues are of the most concern in this section with 53% of people 
concerned about the issue. A limitation of this study is that respondents may believe power quality 
is responsible for computer issues, when they are not. 
8 The method for calculating this is explained in Appendix 8 
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• Desktop computer 
restarts 
• Computer slow down 
Lost telephone 
connection 
• Printer restarts 
• None 
Figure 14: Power quality issues that are of concern to residents in the IT and computer section 
EPECentre 
Figure 15 shows that over 60% of people are willing to pay to fix current IT and computer issues 
caused by power quality. The 6% of respondents who answered over $81 are believed to be running 
a business or heavily involved in IT from home. They may have a UPS device already installed in their 








Figure 15: Proportion of respondents that selected varying dollar brackets to solve power quality issues in the IT and 
computer section 
These results show that on average respondents are willing to pay $20 to fix all IT and computer 
related power quality issues. 
8 .3 HOUSEHOLD GOODS SECT ION 
Figure 16 shows that the two main issues respondents had with power quality in the household 
section been with digital clocks resetting {25%) and fuses tripping {27%). This is the section with the 
lowest recorded amount of respondents having no issues {18%). 
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• Bread maker restarts 
• Digital clocks reset 
• Microwave reset 
• Fuse trips 
• Light f licker 
• Spa loses power 
None 
Figure 16: Power quality issues that are of concern to residents in the general household section 
EPECentre 
Figure 17 shows that this is also the sector in which the largest majority of people would pay to fix 








Figure 17: Proportion of respondents that selected varying dollar brackets to solve power quality issues in the general 
household section 
These results show that on average respondents are willing to pay $15 to fix all IT and computer 
related power quality issues. 
8.4 POWER OUTAGE 
Figure 18 shows the majority of respondents would pay to reduce unplanned power outages to zero, 
indicating that there is an economic cost to residential New Zealand of power outages. The average 
amount a respondent is willing to pay to eliminate this issues is $36 per year. 
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Figure 18: Proportion of respondents that selected varying dollar brackets to reduce short, unplanned power outages to 
zero 
The power outage category was designed for two reasons; 
1. To determine if there was an economic cost of short interruptions and what the cost might 
be 
2. To determine whether the above three category cost estimates were reasonable 
It was reasoned that the sum of how much respondents were willing to pay for the three power 
quality sections should not be significantly more than that of the power outage section, as 
effectively a power outage will result in all of the power quality scenarios occurring. It can be seen 
from Table 7 that the power quality issues do appear to be over estimated at $44 compared to $36, 
yet not grossly exaggerated . It is believed this discrepancy is largely due to splitting the power 
quality issues into three separate sections, where paying a larger frequency of small amounts 
appears easier than one large lump sum. Although the financial figures should not be relied upon it 
appears to be a reasonably good cost estimate. 
Table 7: Comparison between will ingness-to-pay figure of power quality issues and power outage 
Sum of the cost of power quality issues Power outage cost 
$44 $36 
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8 .5 LIM ITATIONS 
8.5 .1 W ILLINGNESS TO PAY 
Even though best practises were followed when creating the residential questionnaire the 
Willingness to Pay method itself has drawbacks [12]; 
• Respondents often overestimate the amount they would theoretically pay. In previous 
studies it has been found people will actually pay less. 
• Dollar figures (e.g. $200 a year) have different meanings to someone earning $25,000 a year 
versus someone making $75,000 per year. It is difficult to ensure that a range of salary 
brackets are asked in a survey such as this one. 
It is recommended that this study as used as a guide to whether power quality has an economic 
affect to residential New Zealand and the monetary figure not relied upon. 
8.5.2 COLLECTION METHOD AND SIZE 
The survey size was restricted to 120 people, which is a fraction of New Zealand's population. 
Although the male and female ratio was roughly equivalent, the age groupings tended to be younger 
than older9 • This was due to the survey distribution method being mainly online and this is more 
difficult to engage the older population. As a result the sample will not be a statistically 
representative sample of New Zealand. 
It is likely that different regions of New Zealand will have differing degrees of power quality and rural 
areas are expected to have worse power quality. The researcher attempted to distribute the survey 
to people in differing rural areas as well. 
Some of the issues described, especially in the IT and computer section can have root causes that 
are not power quality. The wording of the questions attempted to limit this as much as possible, yet 
identify computer issues that are solely power quality related is difficult. As a result the estimated 
cost in this sector may be inflated. 
9 61% of the respondents were under 35 years old 
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9 .0 CO NCLU SIONS 
A recent study shows that more than 1 in 8 people now work from home with the number expected 
to continue to rise as transport costs increase and multimedia communication becomes easier and 
cheaper [13]. As a result power quality in the residential sector is becoming much more important; 
this study shows that there appears to be an economic cost associated with power quality issues. 
The cost estimate of power quality to residential New Zealand using the figure of $4410 per 
household/dwelling is $73 Million [14] . This does not indicate that residential New Zealand should 
pay $73 million more to distribution companies as it is impractical for them to reduce power quality 
events to zero. The figure of $73 million is an indication on what poor power quality is costing 
residential New Zealand and shows what the most concerning issues are for residential New 
Zealand. 
The greatest trend shows over 60% of people are concerned with current power quality effects on IT 
related equipment. This has been shown by the emergence of the household UPS industry to help 
protect heavily IT dominated users. UPS systems are paid for by the consumer and there is some 
argument that power quality supply should be sufficient so they are not required. UPS devices also 
have drawbacks of not fixing all power quality issues [15] . 
The low cost of power quality issues in the entertainment sector ($9 per respondent) is not 
surprising due to its limited frequency and limited real financial impact. The main issue in this sector 
is the nuisance factor associated with the outcomes of poor power quality. As 50% of respondents 
indicated they would be willing to pay to fix entertainment power quality issues, there is an 
economic impact of this annoyance. 
The general household section results importantly show that a spa, bread maker and microwave 
losing power is not of significant concern to most respondents. Digital clocks resetting is of concern 
and has the economic impact of an alarm failing to wake you . The average amount the respondents 
are willing to pay for this sector is reasonably high at $15 per year, indicating that these issues are 
prevalent in households throughout New Zealand and are of concern . 
10 This is the sum of the three power quality sectors, not including power outages 
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10.0 RECOMMENDATIONS 
This study has shown that there is an economic impact due to poor power quality on residential New 
Zealand. From the results of this study, the following recommendations are made: 
• A more comprehensive study on what the economic impact of power quality is on 
residential New Zealand is required to determine a more accurate cost estimate for New 
Zealand if one is required . This can use the same method but needs to increase the number 
of respondents. 
• There appears to be a small proportion of people who are experiencing power quality issues 
in the home, where and why these people are experiencing these issues needs to be 
determined so a possible technical solution can be developed. 
• The most concerning household areas for power quality are now known . Work similar to 
that being performed by Dr. Vic Smith is required to determine the power quality threshold 
this occurs at. Electricity distribution companies can then ensure power quality remains 
above this threshold . 
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APPENDICES 
APPENDIX 1 : POWER QUALITY EXPLANATION 
The following is meant as a technical guide to explain power quality phenomena for the readers that 
are interested. The following has been adapted from Leonardo Energy. 
Harmonics 
Harmonic frequencies are integral multiples of the fundamental supply frequency, i.e. for a 
fundamental of 50 Hz, the third harmonic would be 150 Hz and the fifth harmonic would be 250 Hz. 
Harmonic distorted waveform is clearly not a sine wave and that means that normal measurement 
equipment, such as averaging reading RMS-calibrated multi-meters, will give inaccurate readings. 
Note also that there could be also many zero crossing points per cycle instead of two, so any 
equipment that uses zero crossing as a reference will malfunction. The waveform contains non-
fundamental frequencies and has to be treated accordingly. 
When talking about harmonics in power installations it is the current harmonics that are of most 
concern because the harmonics originate as currents and most of the ill effects are due to these 
currents . No useful conclusions can be drawn without knowledge of the spectrum of the current 
harmonics but it is still common to find only the total harmonic distortion (THO) figures quoted. 
When harmonics propagate around a distribution system, that is, to branch circuits not concerned 
with carrying the harmonic current, they do so as voltages. It is very important that both voltage and 
current values are measured and that quoted values are explicitly specified as voltage and current 
values. Conventionally, current distortion measurements are suffixed with '1', e.g. 35% THDI, and 
voltage distortion figures with 'V', e.g. 4% THDV. 
Harmonic currents have been present in the electricity supply system for many years . Initially they 
were produced by the mercury arc rectifiers used to convert AC to DC current for railway 
electrification and for DC variable speed drives in industry. More recently the range of types and the 
number of units of equipment causing harmonics have risen sharply, and will continue to rise, so 
designers and specifies must now consider harmonics and their side effects very carefully. 
Voltage Dips 
A voltage dip is a short-term reduction in, or complete loss of, RMS voltage. It is specified in terms of 
duration and retained voltage, usually expressed as the percentage of nominal RMS voltage 
remaining at the lowest point during the dip. A voltage dip means that the required energy is not 
being delivered to the load and this can have serious consequences depending on the type of load 
involved. Voltage sags - longer-term reductions in voltage - are usually caused by a deliberate 
Page I 31 
The Economic Impact of Poor Power Quality to New Zealand EPECentre 
reduction of voltage by the supplier to reduce the load at times of maximum demand or by an 
unusually weak supply in relation to the load. 
Motor drives, including variable speed drives, are particularly susceptible because the load still 
requires energy that is no longer available except from the inertia of the drive. In processes where 
several drives are involved individual motor control units may sense the loss of voltage and shut 
down the drive at a different voltage level from its peers and at a different rate of deceleration 
resulting in complete loss of process control. Data processing and control equipment is also very 
sensitive to voltage dips and can suffer from data loss and extended downtime. 
There are two main causes of voltage dips; starting of large loads either on the affected site or by a 
consumer on the same circuit and faults on other branches of the network. 
Voltage swells - temporary increase in RMS value of AC voltage with the magnitude of the retained 
voltage between 110% and 180% of the rated voltage. 
Transients and Surges 
Pertaining to or designating a phenomenon or a quantity, which varies between two consecutive 
steady states during a time interval that is short compared to the time scale of interest. A transient 
can be a unidirectional impulse of either polarity or a damped oscillatory wave with the first peak 
occurring in either polarity. Causes include switching or lightning strikes on the network and 
switching of reactive loads on the consumer's site or on sites on the same circuit. Transients- surges 
can have magnitudes of several thousand volts and so can cause serious damage to both the 
installation and the equipment connected to it. 
Electricity suppliers and telecommunications companies go to some effort to ensure that their 
incoming connections do not allow damaging transients to propagate into the customers' premises. 
Nevertheless, non-damaging transients can still cause severe disruption due to data corruption. The 
generation and influence of transients is greatly reduced and the efficiency of suppression 
techniques greatly enhanced where a good high integrity earthing system has been provided. Such 
an earthing system will have multiple ground connections and multiple paths to earth from any 
point so ensuring high integrity and low impedance over a wide frequency band. 
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APPEND IX 2: INDUSTRY DEC ISION 
The industrial sector in New Zealand accounts for 36% of New Zealand's electricity usage, similar to 
that of residential New Zealand (34%). As these are the largest uses of electricity throughout New 
Zealand the study concentrated on power quality in these areas. Commercial areas (including 
transport) account for a further 25% but the scope of the project was decided to exclude this for the 
following reasons. 
• Actual cost of power quality to commercial sectors would be difficult. The main cause would 
be IT related and whether this was the fault of power quality would be hard to determine. 
• Commercial power usage is substantially below that of industry and residential. 
• Previous studies have showed commercial costs to be minimal compared to industrial. 
The industrial usage breakdown is seen in Table 1. Mining was excluded due to its small presence of 
electricity consumption . Wood, pulp & paper and printing was excluded due to its small presence in 
the Canterbury region and having only a few centres of major operation in the pulp and paper 
industry. The printing industry would have to be separate from the pulp and paper, due to the huge 
difference in operational practises. All other industries, apart from 'other sectors' as seen in Table 
have been incorporated in the study. 
Table 1: Power consumption breakdown for different industries 200911 
Mining Food Wood, Chemicals Basic Other 
Processing Pulp, Paper Metals sectors 
and Printing 
Power 
Consumption 436 2129 3300 732 5444 1492 
(GWh} 
Percentage of 
3% 16% 24% 6% 40% 11% 
industrial use 
11 Data comes from Ministry of Economic Development 
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APPENDIX 3: COST CALCULATION 
The cost of a power quality event was calculated via the following formula 
Total cost of PQ event = A + B + C + D + E + F 
A. Cost of labour for employees affected (overhead cost added here) 
B. Cost of material damaged/spoilt 
C. Cost of recycling or disposing of material 
D. Restart costs 
E. Equipment damage cost 
F. Lost sales 
Where: 
A = Employees affected x Time process is down 
x (Hourly rate of employees+ Overhead hourly cost per employee) 
B =Units of material damaged x material unit cost 
C = Units of material damaged x unit processing cost 
D = Contractor cost+ Extra material cost+ Extra electricity usage 
E = Maintenance hours required 
x (Hourly rate of maintenance + Overhead hourly cost per employee) 
+ fraction of lifetime reduced x equipment cost 
F =Units of product not sold due to power quality event x Units sale price 
This method for estimating the cost of a power quality event was found via extensive desktop 
research into similar studies throughout the world and via communication with industry 
professionals. 
This method was varied slightly on a case by case basis if required . For example when a power 
quality event disrupted a case studies process plant they sold the raw product on the 'spot market' 
instead of processing it . As a result lost sales become the difference in price of the raw material and 
product, minus processing cost. 
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APPENDIX 4 : METHOD OF EXTRAPOLATING ECONOMIC RESULTS 
Economic results of each case study have been extrapolated to give an estimate of the cost of power 
quality to that industry in New Zealand. A description of the method and reasoning for why it was 
performed this way is outlined below. 
The industries were split up according to the ANZSIC06 and NZSIOC standards so similar companies 
could be questioned and to allow results to be extrapolated . Although the study is too small to get a 
definitive cost for the industry it is possible to get a rough estimate. The approach devised in this 
paper would suit a larger study in which the error would be reduced. 
After the cost of power qual ity was calculated for a case study (see Appendix 3) the data was 
extrapolated over the industry. Industry data used for the extrapolation was found from Statistics 
NZ12 or the Ministry of Economic Development13. 
As companies within each industry don't have a huge amount of variation (compared to industry as a 
whole) the assumption that the cost of power quality would be equal to size of operation was 
deemed to be appropriate. The easiest way to account for size of operation is employee number. 
The more employees' onsite, the larger the operation is likely to be and the more impact a power 
quality issue would have. A limitation to this assumption is that high tech equipment may be more 
sensitive to power quality issues but replace employees. While this is true, the industry in general is 
relatively even in uptake of technology advancement to ensure they can compete with other 
companies in that sector. 
The method for finding a cost estimate to New Zealand 
The cost to the case study was split into cost per employee: 
C f P l Cost of PQ to case study ost o Q per emp oyee = -----=-----~­Number of employees at case study 
The cost per employee was extrapolated over the industry, taking into account the fraction of 
companies experiencing power quality issues (obtained from phone screening): 
Cost to industry = Cost of PQ per employee x Number of employees in industry x 
Fraction of companies experiencing power quality issues 
The number of employees in industry is obtained from Statistics New Zealand (2010) . 
A spreadsheet of an example calculation is seen below. 
12 The table builder was used quite commonly using 2010 data, available from 
http:/ /www.stats.govt.nz/tools_and_services/tools/tablebuilder.aspx 
13 Electricity usage by industry 
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Petroleum, chemical, polymer and 
rubber industry 
Number of businesses 1166 
Number employed in sector 20370 
Sags/momentary interruptions 
Cost to case study $82,243 
Number of employees 40 
Cost per employee $2,056 
Cost to industry if all 
companies experienced 
same PQ issues $41,882,485 
Frequency of business's 





Cost to case study $53,100 
Cost per employee $1,328 
Cost to industry if all 
companies experienced 
same PQ issues $27,041,328 
Totalannualcostto 
industry $16,900,000 
Total cost to industry 
Total cost of PQ to industry $43,100,000 
Total value of sales in 
industry $7,367,000,000 
Percentage of sales lost to 
PQ issues 0.6% 
EPECentre 
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APPENDIX 5 : INDUSTRY TELEPHONE SCREENING 
Phone introduction 
Hi my name is Ryan Taylor, are you free to talk for a few minutes? 
I am an Engineering Masters student, with a BE (hons) in process engineering, from the University of 
Canterbury. I am conducting a project on the economic cost of poor power quality to New Zealand. 
The project is for the EPECentre, a national electricity research centre and will take 5-10 minutes of 
your time. 
The project will be of use to you, the electricity consumer, as it is for the electricity distribution 
companies in New Zealand to better understand your electricity needs. It may also be of benefit 
raising awareness of the impact power quality has to your operations. 
If your company qualifies for the 2nd step and you would like to participate then I will come to your 
operation plant and determine what the cost of poor power quality may be to your business. This 
may be useful for you as it could highlight areas of power quality concern in your operation. 
All information collected will be kept confidential and at no time will your company be identified in 
the study. Would you like to participate in the first stage, 5 minute questionnaire? 
Questionnaire 
Am I correct in ascertaining your business is in the industry of ....... . ? (Check it with ANZSIC06 
standard) 
Do you have the following equipment onsite: 
• Personal Computers 
• Network Servers 
• Electric Motors, Pumps or Compressors 
• VSD's (Variable Speed Drives) 
• Computer automated production systems or PLC's (Programmable Logic Controllers) 
• Electric powered heating or drying equipment 
Power Quality defines electricity performance, so electrical equipment can function in its intended 
manner, without loss of performance or life. Without proper power quality a process that uses 
electricity will malfunction, fail prematurely or not operate at all. Power Quality encompasses short 
power interruptions, voltage sags, surges and harmonics. Are you aware of your company having any 
PQ problems? 
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Some examples of PQ problems will be given; do they have an impact on your company's 
performance? What are the top 2 issues? 
• Lights flickering 
• Pump or electric motor speeds not being constant 
• Loss of synchronization of equipment or erratic, unexpected behaviour 
• Electronic equipment/gadgets not lasting specified life time 
• Circuits breaking and equipment tripping (VSD's especially) 
• Computers locking up or unexpected poor performance 
• Data loss or computers turning off unexpectedly 
How many employees does your company employ fulltime on-site? 
110-19 120-49 
Do you have any equipment installed to mitigate PQ risks, such as Uninterrupted Power Supplies, 
surge protection, filters, backup generators? If so what are they? 
Thank you for your time ... 
Electricity distributors, regulators and policy makers will be faced with a variety of choices in the 
coming years that will effect and power quality to its customers, such as you. It is critical to quantify 
the possible economic costs of these changes. To understand the effect to your industry I would like 
to come on site and estimate the economic impact of some power quality issues. I may be present 
for up to an hour and need to converse with a site engineer as well as someone familiar with the 
financials of the plant. 
This will be of benefit to you as the impact to your business will be included in the study. It may 
increase your own awareness on possible economic loss due to power quality in your plant. 
Would you be interested in this? 
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APPENDIX 6 : INDUSTRY CASE STUDY INFORMATION 
Information Regarding Onsite Visit 
The onsite interview will aim at placing an economic cost on power quality issues that can affect 
your processing plant. This will generally take 1-2 hours and someone knowledgeable about the 
plants operation will be required to answer questions. Some information may have to be gathered 
from the accounts division. 
The study is being conducted by Ryan Taylor who is a Masters of Engineering Management student 
at the University of Canterbury, doing the project for the EPECentre and NZ electricity distribution 
companies. The results of the study will be used to justify technical solutions to power quality 
problems within New Zealand in an attempt to ensure power is delivered at a high quality by 
electricity distribution networks to you, the consumer. 
All information collected will be kept confidential and the name of your company will not be 
recorded on any documents, only the industry you are in. You will be provided with a summary of 
the results. 
The method for obtaining the economic cost to your processing plant is outlined below. 
Short interruptions and Voltage Sags 
The economic cost of voltage sags (short interruptions) will be found via identifying areas on a 
process line that cause the largest frequency of problems and the highest production impact to your 
plant. Such problems include: 
• Equipment tripping out (such as variable speed drives, AC contactors, pumps, heaters ... ) 
• Process control being erratic and behaving unexpectedly, resulting in off-spec product 
Note: Specific pieces of equipment should be identified . 
The operational consequence to the plant and the economic consequences of each problem will be 
discussed . To put a figure on the economic cost to the plant, the consequences will be broken into 
the following areas: 
• Labour cost from idle employees, required overtime or any other extra labour costs required 
• Cost of material damaged/spoilt that must be disposed of 
• Cost of recycling or disposing of material 
• Restart costs 
• Equipment damage cost 
Power Interruptions 
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When complete loss of power occurs to the plant, all electronic operations will shut down. The 
economic consequences of which will be estimated using the same economic cost categories as 
above. 
Cost of mitigating power quality risks 
The cost of current power quality mitigation equipment on site will be estimated. This can be either 
done through the accounts/finance department of the company, or by recording type and model of 
the equipment. Such equipment includes: 
• Uninterrupted Power Supplies (UPS} 
• Surge Protection 
• Filters 
• Backup Generators 
• Any other factors to minimise power quality costs 
Any preparation you can do to answer these questions would be greatly appreciated. 
You can contact me at any time on 027 353 6555 or email me at rst69@uclive.ac.nz. 
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Te Whare Wananga o Waitaha 
CHRISTCHURCH NEW ZEALAND 
The Economics of Poor Power Quality in New Zealand's Electrical Networks 
Information Sheet for New Zealand Companies 
I, Ryan Taylor, am an Engineering Masters student from the University of Canterbury. I am 
conducting my thesis project on the economic cost of poor power quality to New Zealand. The 
project is for the EPECentre, a national electricity research centre. The project is sponsored by the 
Electrical Engineers Association (EEA) and Foundation for Research in Science and Technology (FRST) 
and will be used by electricity companies in New Zealand to try and provide better quality electricity 
to you, its consumer. It is the first time such a study has been performed in New Zealand. 
I invite you to participate in the study, which will involve identifying equipment and processes 
affected by poor power quality. The study will attempt to ascertain an estimate of the cost of poor 
power quality to your business. 
Please note participation is voluntary and if you do participate you have the right to withdraw at any 
stage without penalty. If you withdraw, I will do my best to remove any information relating to you, 
provided this is practically achievable. 
I will take particular care to ensure the confidentiality of all data gathered for the study. Only I and 
my project supervisors, Neville Watson and Joseph Lawrence, will have access to the raw data. The 
participants and companies will not be indentified in any way, only the industry the company is in. 
The data collected will not be of a sensitive or possibly harmful nature to you or the company, but I 
will keep all data on a password protected computer in a locked office. If any paper copy of the data 
is gathered, it will be kept in a locked draw in the locked office. After the data is transferred to an 
electronic copy the paper will be shredded. Five years after the study is completed the raw data will 
be deleted. There are minimal risks with the research, as no company names will be recorded. The 
data will not be of a sensitive nature and can not be used to a competitor's advantage. 
The results of the study will be used to justify technical solutions to power quality problems within 
New Zealand in an attempt to ensure power is delivered at a high quality by electricity distribution 
networks to you, the consumer. The project may be reported at an annual EEA conference, held in 
Auckland in 2011. You can receive a report of the study after completion in March 2011, by 
requesting a copy in the consent form. 
Page I 41 
The Economic Impact of Poor Power Quality to New Zealand EPECentre 
You can contact me on 027 353 6555 or email me at rst69@uclive.ac.nz if you have any questions 
about the study at any stage. If you would like to contact my supervisor, Neville Watson, his contact 
details are neville.watson@canterbury.ac.nz, or phone 03 364 2987 
This proposal has been reviewed and approved by the Department of Engineering Management, 
University of Canterbury. If you have a complaint about the study, you may contact the Chair, 
Educational Research Human Ethics Committee, University of Canterbury, Private Bag 2800, 
Christchurch (human-ethics@canterbury.ac.nz) 
If you understand and agree to the study, please complete the consent form . Email it back to me; 
Ryan Taylor, email address; rst69@uclive .ac.nz. I thank you for your time and participation . 
Page I 42 
The Economic Impact of Poor Power Quality to New Zealand 







Te Whare Wananga o Waitaha 
CHRISTCHURCH NEW ZEALAND 
The Economics of Poor Power Quality in New Zealand's Electrical Networks 
Consent Form for New Zealand Companies 
A full explanation of this project has been provided and the participant has been given an 
opportunity to ask questions. 
The participant understands what is required of them if they agree to take part in the research. 
The participant understands that their participation is voluntary and they may withdraw at any stage 
without penalty. 
The participant understands that any information or opinions they provide will be kept confidential 
to the researcher and that any published or reported results will not identify the participant or the 
company. 
The participant understands that all data collected for the study will be kept in locked and secure 
facilities and in password protected electronic form and will be destroyed after five years. 
The participant understands the risks associated with taking part and how they will be managed. 
The participant understands that they are able to receive a report on the findings of the study. If 
they wish to receive one, please state below. 
The participant understands that they can contact the researcher for further information. 
The participant understands they can contact the Chair, University of Canterbury Educational 
Research Human Ethics Committee, if they have any complaints. 
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APPENDIX 7 : CBEMA CURVE INFORMATION 
The researcher would like to thank Dr. Vic Smith at the University of Wollongong in Australia and 
their sponsors, Australian Strategic Technology Program part of the Energy Networks Association, for 
allowing the information to be used in this report. 
CBEMA stands for Computer and Business Equipment Manufacturing Association and is a standard 
for determining how robust electronic equipment is to voltage sags and spikes over periods of time; 
its development is described in IEEE standard 446-1995. 
The curves are created via experiments where different voltages are applied for differing periods of 
time to the equipment of choice . Over a certain range of periods and voltages the equipment will 
stop functioning, hence creating the CBEMA curve, an example can be seen below. All of the area 
under the blue line is where the equipment will fail to work, for example if a the retained voltage 
dropped to 50% of nominal for 20 cycles then the equipment would not operate. 
The CBEMA Curve, 
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Figure 1: Example of a CBEMA curve 
The curves developed by Dr, Vic Smith deal with the under voltage conditions as these are of major 
concern when talking about power quality impacts. The curves are essential as they give a range of 
operating conditions at which equipment will function normally (above the blue line) and when the 
equipment will fail (below the blue line). 
Below are some important CBEMA curves for household and industrial equipment. Of major note is 
the extremely poor performance of VSD compared to all other equipment. A VSD will stop 
performing when the retained voltage gets below 80% for as little as one cycle. 
Page I 45 

























1 10 1CO 1000 
Durat ion (cycles) 






















1 lU LU lUiJO 
Duration (cycles) 
Figure 3: Clock radio Sag susceptibi lity curve 
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Figure 4: La ser printer Sag susceptibil ity cu rve 
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Figure 5: LCD TV Sag susceptibi lity curve 
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Figure 6: Contactor Sag susceptibi lity curve 
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Figure 7: VSD Sag susceptibil ity cu rve 
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APPEND IX 8 : RESIDENT IAL POWER QUALITY QUEST IONN AIRE 
Note: This survey was done online via zapsurvey.com. This is a copy of the paper version. 
EPECentre 
ELECTRIC POWER ENGINEERING CENTRE 










UNIVERSITY OF CANTERBUR\ 
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- EPECentre. University of 
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Introduction 
By completing the questionnaire you will be helping ensure electricity quality and cost best suits 
New Zealand's requirements. The following questionnaire has been devised by Ryan Taylor, a Master 
of Engineering Management (MEM) student for the EPECentre, a national electricity research centre. 
The questionnaire is designed to ascertain the cost of power quality for the residential sector. All 
answers are kept confidential. 
Instructions 
This questionnaire uses a Willingness-to-Pay method, in which you decide how much you would be 
willing to pay on a yearly basis to fix the described problems in your household- at their current 
level of occurrence. The situation will be described, with possible outcomes and their impacts to 
you. 
There are four sections: Entertainment equipment, IT equipment, general household equipment and 
power outages. l<eep this in mind when answering how much you would pay to resolve each section. 
General 
Please indicate your gender: 
I Male I Female 
Please indicate what age bracket you are in: 
118-24 125-34 135-49 150-69 
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Entertainment 
Below are possible entertainment issues that may be experienced due to poor power quality. Please 
select the issue(s) you are most concerned with. If no issues currently impact you, leave it blank 
Possible Power Quality Issues: 
• Your television cuts out in the middle of a show you were watching and you have to turn it 
back on 
• The stereo that was playing suddenly turns off, you need to turn it back on 
• Your Sky device turns off; it takes a couple of minutes to restart itself. If you have MY SKY 
and currently recording the rest of the recording will be lost. 
• Your TV recorder (not including MY SKY) turns off, losing the time, and any current or preset 
recordings 
Please indicate how much you would pay per year to fix these issues at their current frequency 
$0 $1-$10 $11-20 $21-$40 $41-$80 $81-$120 $121 + 
IT and computer 
Below are possible IT and computer issues that may be experienced due to poor power quality. 
These may be of particular concern if you run a business from home. Please select the issue(s) you 
are most concerned with, if any 
Possible Power Quality Issues: 
• Your desktop computer unexpectedly restarts itself (whether or not you can recover your 
work depends on the computer you have) 
• Your computer unexpectedly slows down for a short period of time 
• You lose connection on the phone call you are on (if you use a cordless phone) 
• The printer restarts itself, losing your current print job and potentially jamming 
Please indicate how much you would pay per year to fix these issues at their current frequency 
$0 $1-$10 $11-20 $21-$40 $41-$80 $81-$120 $121 + 
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Household Goods 
Below are possible household issues that may be experienced due to poor power quality. 
Please select the issue(s) you are most concerned with, if any. 
• The bread maker you set to work overnight restarts itself and doesn't make the bread 
• All digital clocks around the house restart and you have to reset them 
• Power is cut to your oven or microwave, which doesn't restart until you turn it back on 
• A fuse in your household trips, you have to replace/reset it 
• The lights in your household flicker 
• Your spa loses power and doesn't turn back on; next time you go to use it you find it is cold 
Please indicate how much you would pay per year to fix these issues at their current frequency 
$0 $1-$10 $11-20 $21-$40 $41-$60 $61-$100 $101 + 
Power Outage 
A two minute power outage occurs. During a power outage all electrical goods will turn off and not 
function. This can cause damage to some electrical goods such as computers, if not protected. All 
digital clocks in the house will reset and some electrical goods may take extra time to restart. 
Please indicate how much you would pay per year to fix these issues at their current frequency 
$0 $1-$10 $11-20 $21-$40 $41-$60 $61-$100 $101 + 
Thank you for taking the time to complete th is power quality questionnaire. 
If you would like any more information on the study, or have any questions, please feel free to 
contact me: 
Ryan Taylor 
+64 27 353 6555 
rst69@ uclive.ac.nz 
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APPENDIX 9: METHOD FOR CALCULATING AVERAGE WILLINGNESS -TO-PAY 
FIGURE 
The average figure that a respondent was willing to pay was ca lcu lated via the method seen in Ta ble 
2. The designated amount for each bracket is the mid way point. This designated amount is then 
multiplied by how many responses are for each bracket to give the tota l amount willing to be paid 
for each bracket. This amount is then summed and averaged by divid ing by the total number of 
respondents to give the average, as seen by the highl ighted yellow cell in Table 2. This has been 
performed for each section of t he resident ial survey. 
Table 2: Example of how the average willingness to pay figure is calculated 
Designated Total amount to 
Monetary Response amount for be paid for each 
bracket Total bracket bracket 
$0 53 $0 $0 
$1-10 23 $5 $115 
$11-20 10 $15 $150 
$21-40 14 $30 $420 
$41-80 5 $60 $300 
$81-120 0 $100 $0 
$121+ 0 $121 $0 
Average $9.38 
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